Abstract. In this paper the effect of temperature change (thermal load) on one-story reinforced concrete frame buildings allocated in the UAE is studied. Sixty eight finite element models with different story heights and slab lengths were developed in ETABS to carry out this study. The effect of temperature change with the variation of story height, slab length and support condition on the lateral displacement and horizontal reactions was studied in this paper. The thermal load results for the fixed support models showed that for different buildings with the same column heights, the external columns' displacements and reactions increased considerably with increasing the slab length. Comparing the horizontal reaction results -due to thermal loads-of the two modeled building heights (3 m and 6 m) showed that the 6 m models have lower reactions at external columns but larger top displacements. The comparison between the lateral load results for fixed and hinged support conditions showed that models with fixed support conditions had lower lateral displacement but higher horizontal reactions due to thermal loads. The effect of the support condition on the lateral displacement was larger for longer slab lengths whereas its effect on the horizontal reaction was larger for smaller slab lengths. The support conditions showed to have larger effect on the shorter column models.
Introduction
The UAE is known for its high temperatures especially during the summer period. This high temperature along with the frequent fluctuation in the daily and seasonal temperatures imposes extra loads on structures. The Abu Dhabi International Building Code (2013) (ADIBC) considers temperature loads as one of the main important loads to be verified and analyzed in reinforced concrete structures in the UAE [1] . Seasonal changes in temperature causes overall structural deformation, displacements, in addition to differential stresses in concrete elements. It has to be considered for building serviceability conditions and to eliminate the additional thermal cracks [2] . When studying the effect of temperature change on reinforced concrete buildings two important factors should be considered: the nature of the temperature change and the fundamental materials properties of concrete.
In service, thermal effects are related to the difference between the highest temperature during summer and the lowest temperature during winter [2] . The highest temperature registered in the UAE was found to be 50 o C (in the western region); whereas the lowest registered temperature was found to be 10 o C. The magnitude of the forces developed and the amount of displacements caused by temperature changes are directly related to building length [2] . Contraction and expansion joints are means used to limit the magnitude of forces, displacements and cracking induced by temperature [3] . A common practice in the UAE is that expansion joints spacing shouldn't be more than 120ft (36.6m) considering recognized committees recommendations [1, 2, 4] , when the spacing exceeds 450ft (46m), then a special design including a thermal study has to be performed [2, 5] .
ETABS models input data and conditions

Concrete properties
The thermal coefficient of concrete is usually affected by many factors such as the type of aggregate, moisture content, mix properties, cement type and age of concrete. For ordinary thermal stresses calculations a thermal coefficient value of 10x10-6\ o C can be used when the type of aggregate and concrete degree of saturation are unknown [2, 6] . Accordingly this value was implemented in the used ETABS models (Fig. 1) . The rest of the concrete properties are presented in Table 1 . 
ETABS model geometry
Sixty eight ETABS one-story reinforce concrete frame building models were generated in this study (Fig. 1 ). These models were divided into two sets: fixed support reaction and a) b)
hinged support reaction and each set consists of two model groups: the first group with column heights of 3.00 m and the second group with column heights of 6 m. Each group consists of 17 different ETABS models. The difference between these models is the concrete slab length which was increased from 50 m to 400 m by increments of 10 m. These models were generated to verify the effect of temperature change with variation in column height, slab length and support conditions on the lateral displacement and horizontal reactions in one-story reinforced concrete frame buildings in UAE. The rest of the model geometry was taken as follows: i) Slab thickness = 300mm ii) Columns size = 800 x 800 mm 2 iii) Thermal load = 40 o C iv) Slab width = 50 m.
Thermal loads (40 C•) were assigned as uniform temperature change at all slab shells elements at upper slab level.
Results and analysis
In this section the results of the thermal study conducted on the sixty eight reinforced concrete frame structure models are presented. The results from the first set of models with fixed support conditions were used to study the effect of temperature change with variation in column height and slab length on the lateral displacement and horizontal reactions in one-story reinforced concrete frame buildings in UAE. The results from the second set of models with hinged support conditions were compared to the results of the first set of models to study the influence of the support conditions on the temperature change results.
Effect of thermal load
For the first set of models (with fixed support) the change in the horizontal reactions and the top deflection at the external columns A1, B1, C1, D1, E1 and F1 with different slab lengths under thermal load are shown in Fig. 2 and Fig. 3 for the 3 m and 6 m high structures, respectively. Due to symmetry in the analyzed models these columns will have the same results as those for columns A11, B11, C11, D11, E11 and F11, respectively. All models were found to be safe under dead and live loads.
These thermal load results show that for the same building the displacements at external columns have different but close values. The results also show that for different buildings with the same column heights, the external columns' displacements increases considerably with increasing the slab length. The external column displacements for 400 m slab was about three times that for the 50 m slab length for the 3 m high column models and about five times for that in the 6 m high column modes. The maximum allowable lateral deflection in columns is (height/180) to avoid damage to external walls [3] . This limit is 16.7 mm and 33.3 mm for the 3 m and 6 m high columns, respectively. The model results showed that this limit was exceeded for slabs with length more than 100 m for the 3 m high column models and for slabs with length more than 200 m for those of the 6 m high column models.
For the same building (in the first model set) the thermal load results showed that the horizontal reactions (parallel to the slab length) at external columns' supports have different but close values. For different buildings with the same column height, the external columns reactions at supports increased considerably with the increase of the slab length. This has a big impact on these columns and its related footing design. The study results showed that the reactions for the 400m long slab was about three times that for 50 m long slab for the 3 m high column models and about nine times for the 6 m high column models. Comparing the results of the two modeled building heights (3 m and 6 m) show that the 6 m models have lower reactions at external columns but larger top displacements due to the thermal loading. 
Effect of support conditions on the thermal response
To study the effect of support type on the displacement and reactions of external columns under thermal load a second set of thirty four new models were created. This set of models had the same properties as the first set of models except that the second set had hinged support condition instead of fixed support condition. The displacements under thermal load results for both sets of models are shown in Table 2 and Table 3 for models with column heights (3 m) and (6 m), respectively. The comparison between the results of both sets of models showed that the displacement for the models with hinged support had higher values than that for the fixed support. This increase in the value of displacement increased with the increase of the slab length for each column height. When comparing the results for the 3m high columns models and the 6 m high column models it was found that the support condition had a larger effect on the shorter column length. The ratio of the lateral displacement for the fixed support condition to the hinged support condition for the 6 m column height is larger than 75% for all slab lengths. For the 3 m high column models the 
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2022 ratio of the lateral displacement for the fixed support conditions to the hinged support condition for slab lengths lesser than 160 m were more than 75%. This ratio decreases with the increase of the slab length with a reduction reaching 45% for slab length of 400 m. The horizontal reaction under thermal load results for both sets of models are shown in Table 4 and Table 5 for models with column heights (3 m) and (6 m), respectively. The comparison between the horizontal reaction results of both sets of models showed that the reaction for the models with hinged support had lower values than that for the fixed
support. The effect of support condition was larger on models with smaller slab lengths for both column heights. The column height was found to be inversely proportional to horizontal reaction values. It is clear that models with 3 m story height and fixed columns supports have the most critical reaction values. Horizontal reaction related to column height 3 m is three to five times bigger than reactions related to columns with height 6 m. Fixed columns reactions for models with 3 m column height are around 15 times the hinged column reaction for model with 3 m column height and slab length 50 m. This ratio decreased for models with longer slabs where, this ratio is around 6 for models with slab length of 400 m. 
Conclusions
Throughout this research, sixty eight ETABS models of one-story reinforced concrete frame buildings were studied under thermal load from UAE registered values. These models were divided into two sets: fixed support reaction and hinged support reaction and each set consists of two model groups: the first group with column heights of 3 m and the second group with column heights of 6 m. Each group consists of 17 different ETABS models. The difference between these models is the concrete slab length which was increased from 50 m to 400 m by increments of 10 m. The findings of this research confirmed the considerable additional lateral deformations at slab level and horizontal forces at supports due to temperature loads. These deformations and reactions increases considerably with increasing the slab length. For a fixed support condition the horizontal displacements for 400 m slab was about three times that for the 50 m slab length for the 3 m high column models and about five times for that in the 6 m high column modes. Whereas, the reactions for the 400 m long slab was about three times that for 50 m long slab for the 3 m high column models and about nine times for the 6 m high column models. When comparing the thermal loads results of both fixed and hinged support conditions, the displacement for the models with hinged support condition had higher values than that for the fixed support condition. The ratios of the lateral displacement under thermal loads for the fixed support condition to the hinged support condition for all the 6 m column height models and 3 m column height models with slab lengths lesser than 160 m were larger than 75%. This ratio decreases with the increase of the slab length for the 3 m column height models with a reduction reaching 45% for slab length of 400 m. The comparison between the horizontal reaction results of both sets of models showed that the reaction for the models with hinged support had lower values than that for the fixed support. The effect of support condition was larger on models with smaller slab lengths and shorter column heights. Horizontal reaction related to column height 3m is three to five times bigger than reactions related to columns with height 6m. Fixed columns reactions for models with 3m height are around15 times the hinged column reaction for model with 3m column height and slab length 50m. This ratio will be decreased for models with longer slabs where, this ratio will be around 6 for models with slab length of 400m.
